Abstract
on the islands [12] ; however, less attention has been paid to emerging pathogens in humans. 74
Prior studies of West Nile Virus risk on the Galápagos focused on the impacts on endemic bird 75 species [13] [14] [15] . However, emerging infections in humans are a growing concern due to the 76 increasingly urban resident population and the large number of international tourists. 77
Only three mosquito species have been reported to be present at the Galápagos islands, 78
namely Aedes aegypti, Aedes taeniorhynchus and Culex quinquefasciatus [16, 17] The Ae. Figure 3 ). Puerto Ayora is considered within the dry lowland climatic zone [18] . 91
San Cristobal, the second-most populated island, experienced a major dengue outbreak in 92 2010 in the capital city of Puerto Baquerizo Moreno. A total of 941 cases were reported, 93 resulting in an annual incidence rate of 1410 cases per 10,000 people. No cases were reported 94 from 2011 to 2014, the date of this study. Since only one outbreak has been reported, the 95 seasonality of transmission is unknown, although climate conditions are similar to Puerto Ayora.
In Ecuador, dengue is transmitted only by the Ae. aegypti mosquito vector, an urbanized 97 anthropophilic mosquito. The dengue virus and its principal mosquito vector, Aedes aegypti, 98 were eradicated on mainland Ecuador in the 1950s due to successful DDT campaigns [19] . cases; routine visits to homes to apply larvicide (temefos/abate) to water-bearing containers, and 117 to destroy larval habitat in and around homes. All adult mosquitoes were collected inside and outside of the household using 155 prokopacks, lightweight backpack aspirators shown to be highly effective [32] . Adult mosquitoes 156 were identified to species using a stereo microscope. We conducted standard container surveys to 157 identify the prevalence of water-bearing containers with Ae. aegypti pupae and larvae in and 158 around the home [27, [33] [34] [35] . We recorded descriptive information about each container, 159 including type, use, source of water, and location inside or outside the home. All pupae and a 160 sample of larvae were reared to adults in the laboratory to confirm species identification. 161
Statistical models 162
Survey data were used to identify social-ecological variables associated with the 163 occurrence of self-reported dengue fever and vector presence. We hypothesized that both self-164 reported dengue and mosquito presence were associated with one or more of these factors (see processes were conducted using 'glmulti', an R package for multimodel selection, specifying a 174 logistic modeling distribution in a Generalized Linear Model (GLM) framework (GLM, 175 family=binomial, link=logit). The multimodel selection was to determine which survey 176 outcomes related to Human Movement, Demography, Housing Characteristics, and Knowledge 177 and Attitudes were associated with the number of self-reported dengue cases on both islands 178 (Table 1 ). The second model selection process examined which survey factors related to Housing 179
Conditions, Knowledge and Attitudes, and Mosquito Abatement Practices were influencing the 180 presence of Ae. aegypti within the homes of survey participants (Table 1) . 181 Some factors collected in the initial survey were excluded from model variable 182 candidates due to missing or uninformative data (i.e., the responses were identical across 183 households). Selection was run to convergence using glmulti's genetic algorithm (GA); models 184 were ranked using Akaike's Information Criterion (AIC) corrected for small sample size (AICc). 185
For each suite of variables in our hypotheses, a best model was obtained (Tables 3 and 4), along  186 with multiple competing top models, using the threshold criteria of AICc ≤ 2 (competing top 187 models given in Suppl. Tables 1, 2 
Risk perceptions and practices 215
Most households on PA (82%) and PB (94%) reported that dengue was a serious problem 216 in their community (p = 0.1) and a severe disease (PA = 86%, PB = 98%, p = 0.06) ( Table 1) . 217
Significantly more PB households reported that it was difficult or impossible to prevent dengue 218 (p = 0.02, Table 1 ). The majority of heads of households knew that dengue was transmitted by a 219 mosquito (94% on both islands), and most people had received information about dengue 220 prevention (64% on both islands). However, few people had participated in dengue prevention 221 campaigns (PA = 12%, PB = 10%). Sources of dengue information were similar between islands, 222 with media (TV, newspaper, radio) as the primary source of information on both islands, and 223 social networks as the least likely source of information (Table 1 The top-ranked model of a prior self-reported case of dengue in the household 234 Greater housing density (people per bedroom) and frequent interruptions in the piped 276 water supply were also indicative of greater dengue risk. These variables likely reflect greater 277 risk of exposure to infectious mosquito bites, due to larval habitat in water storage containers,
and increased probability of infectious bites due to human crowding. These findings are 279 consistent with other studies, both on mainland Ecuador [26, 27, 40] , and elsewhere [41] [42] [43] . 280
The important variables in the mosquito presence model indicate that housing conditions, 281 dengue risk perception, and prevention practices are important risk factors. We found that homes 282 were more likely to have Ae. aegypti if they had no screens on windows or doors, if they did not 283 cover water containers, and if they perceived that dengue was difficult to prevent ( Figure 4) . 284
These risk factors are consistent with prior studies from Ecuador, Taiwan, and India [27, 43, 44] . 285
Interventions to address these factors include dengue awareness and community mobilization 286 campaigns [45] , water container covers, and programs to provide low-cost screening to 287 homeowners. Paradoxically, we found that the use of mosquito nets was positively correlated 288
with Ae. aegypti presence. This may be as simple as a causal reverse in a correlation -bet nets 289 are more likely to be used when mosquitoes are perceptibly present. However, it may instead be 290 the case of the wrong intervention for the vector. Ae. aegypti have a small range and will bite 291 during the day (in contrast to other mosquito genera such as Anopheles), so bed nets may not be 292 an effective barrier to dengue transmission. Another unexpected finding was that air conditioning 293 was positively associated with Ae. aegypti presence. This result was counterintuitive, because 294 one would expect homes with air conditioning to have closed windows and subsequently fewer 295 mosquitoes and lower dengue risk, as shown in prior studies [46] . However, it is possible that 296 water buildup and puddles created by air conditioning units could create mosquito habitat, and 297 this requires further investigation, including understanding the context in which air conditioning 298 units are installed, versus used. If rooms are cooled for a few hours a day only, and in the 299 evening, windows are used to cool houses, an air conditioning unit is a false signal of closed 300 window behavior. A more comprehensive study should include AC practices in questionnaires. season, when this study was conducted. The primary focus in these areas should be the creation 325 of sealed (Aedes-proof) water storage containers used by households and located outdoors in the 326 patio. This result highlights the importance of integrated household water management strategies 327 in regions that are water-scarce and at risk of dengue risk. 328
We found that there were differences in self-reported prior dengue infections, vector 329 abundance, prevention strategies, sources of information, and risk perception between PA and 330 PB. This suggests that there may be differences in a number of factors between the islands, 331 including disease burden, community outreach programs, community awareness, and/or access 332 to information between the two sites. The high proportion of homes with juvenile Ae. aegypti on 333 PB indicate that there was significant risk of another dengue outbreak, even during the low 334 transmission season when this study was conducted. cleaning and scrubbing water storage containers to reduce the density of Ae. aegypti [60] . In this 376 multi-sectoral project, high school students successfully encouraged households to cleaned their 377 water tanks [62] ; however, the sustainability of the project was limited by the reliance on 378 students to conduct the household inspections and limited engagement of householders [60] . 379
One of the greatest public health challenges observed during this study was the 380 implementation of uniform vector control and surveillance across the four populated islands, 381 which are more than two hours apart by boat. The higher larval indices on PB may be due to less 382 staffing and resources for vector control, since there have been fewer total cases reported on PB 383 than PA. Investigating the sources of these discrepancies could provide insight on how to better 384 mobilize and engage communities in order to promote the adoption of preventative behaviors 385 across relatively isolated islands at risk of emerging infectious diseases. 386
387

Conclusions
388
To our knowledge, this is the first study of dengue risk and Ae. aegypti in the Galápagos 389
Islands. The findings that human movement within and between islands, and to and from the 390 mainland, were important to reported dengue cases, confirms concerns of this route of 391 introduction and repeated transmission. Bolstering surveillance of both tourism and cargo routesof entry would be useful to mitigate potential further introductions. The identification of both 393 sources of knowledge and perceptions, and our assessment of both the importance of knowledge 394 of prevention, and a pervasive lack of involvement in control campaigns, point to targets for 395 policy and action. We found that, similarly to studies conducted in mainland Ecuador, housing 396 condition, and water supply, access, and storage related behaviors are important. The water 397 connection is particularly poignant for the Galápagos, where access to freshwater is a concern. 398 Given the geographic challenges faced in distributed island vector management, this is a 399 complicated and unique setting for dengue management, but similarities with other studies, in 400 terms of targets for interventions identified in this study, provide useful information for 401 establishing combined outreach and direct intervention efforts in the public health arena. 402
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